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INTRODUCTION. 
Study of the reticulo-endothelial system in its relation to the pro- 
duction of antibodies has so far not included observations on the titeI 
of complement in animals in which this system has been blocked by 
intravenous injections of some colloidal substance, except for a  brief 
statement by  Siegmund (1)  who mentions that  the  production  of 
complement in the blocked animal is not changed.  While the adsorp- 
tion of enzymes by a number of substances of fine dispersion is a well 
known fact  (2)  and  while,  furthermore,  it  has  been  reported  that 
complement is  adsorbed  by  many different  substances of  colloidal 
nature in vitro (3),  such as cellular suspensions (4),  certain precipi- 
tates (4), gelatin (4), kaolin (4, 5), dyestuffs (6), starch (7), and char- 
coal (4), etc., the action of similar substances on the titer of comple- 
ment in vivo seems to have  been  studied less extensively.  Loewit 
(8) states that after the injection of colloids (agar) a decrease of com- 
plement may be observed. 
In the course of experiments undertaken to determine, at various 
intervals, the complement titer in guinea pigs which had received one 
blocking injection of India ink, the opportunity also arose of studying 
by physiological chemical methods the progress of  such  a  blockade 
at the same intervals.  This work seemed to be of particular interest, 
since in a previous paper (9) on the production of diphtheria antitoxin 
in the blocked animal, it was found that an initial phase, during which 
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no antitoxin was present, was followed rather quickly by the appear- 
ance  of quantities  of the  antibody  corresponding  to  the  titer  of the 
controls. 
EXPERIMENTAL  WORK. 
Guinea pigs were chosen as test animals and Higgins' insoluble India ink as the 
blocking  substance.  Eighteen  guinea  pigs  of  approximately 300  to  350  gm. 
weight  were  injected intravenously  1 with  1.5 cc. of a  1:5 ink dilution and the 
complement titer of the blood was tested after different intervals of time.  The 
normal complement titer of nine of the eighteen animals was tested before the 
experiment was begun; the blood in these cases was obtained by heart puncture; 
for the final test the animals were  bled  to  death.  Duplicate guinea pigs were 
always run for each time interval.  The disadvantage of testing different guinea 
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CHART 1.  Complement unit after intravenous injection of India ink. 
pigs at different intervals instead of following the course of the complement titer 
in the same animal is fully realized, but this disadvantage was thought to be more 
than compensated for by the avoidance of repeated heart punctures at short in- 
tervals and of the danger of causing anemia and subsequent  artificial changes 
in  the  complement titer,  by frequent  bleeding.  Simultaneously  two  controls, 
which received an injection of physiological salt solution instead of ink, were run. 
The complement titer of the serum in one of these animals was tested before the 
injection  of  the  salt  solution.  Table I  and  Chart  1 give the results of these 
experiments. 
It appears from Table I and Chart 1 that there occurs a  marked drop 
of complement in the circulation, after an intravenous injection of ink, 
which sets in as early as  15 minutes after the injection  but does not 
reach  its  maximum until  about  3  hours  later.  From  then  on,  the 
* All injections were made into the superficial vein on the dorsal side of the calf 
of the left hind leg as described in detail in an earlier paper (9). C. W.  JUNGEBLUT AND ~'.  A. BERLOT  799 
TABLE  I. 
The Effect of India  Ink Injected Intravenously into Guinea  Pigs on the  Titer  of 
Complement. 
Complement unit*  Interval between ink  Complement unit 
Guinea pig No.  before ink injection,  injection and  after ink injection.  bleeding for titration 
Aug. S, 1925.  of complement.  Aug. 12, 1925. 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19t 
2or 
004  t 
0.04  } 
0.05  } 
0.04  } 
0.03  } 
0.04  } 
0.05  } 
0.04  } 
0.04  } 
0.04  } 
4 days. 
3  " 
2  " 
24 hrs. 
14  " 
8  " 
1 hr. 
15 min. 
0.03 
0.03 
0.04 
0.03 
0.05 
0.04 
0.05 
0.05 
0.06 
0.05 
0.06 
0.07 
0.09 
0.1 
0.07 
0.08 
0.08 
0.08 
0.04t 
0.0st 
Guinea pig serum dilution (final dilution of complement 1:20) :  0.1 cc. 
Red sheep cells sensitized with 2 units of hemolytic amboceptor:  0.2 cc. 
NaC1 solution:  0.2 cc. 
Incubated 20 minutes at 37°C. 
* The complement unit is the smallest amount of guinea pig serum giving com- 
plete hemolysis under the conditions of the test. 
t  Controls:  Received 1.5 cc. of a  0.85 per cent salt solution  intravenously 4 
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complement titer rises gradually again, attaining practically its normal 
level 24 hours after the injection.  Complement titrations carried out 
3 and 4 days, respectively, after the ink injection showed evidence of a 
slight increase in complement as compared with the normal level. 
These results made it desirable to study the action of India ink on 
the complement titer of guinea pig serum in  vitro  under similar con- 
ditions.  3  cc.  of guinea pig serum  were mixed with  3  cc.  of a  1:5 
ink dilution and kept in the ice box.  Simultaneously 3 cc. of the same 
guinea pig serum were mixed with 3  cc. of salt solution as a  control. 
TABLE  II. 
The  Effect  of India  Ink  on  the  Complement  Titer  of Guinea  Pig Serum  in  Vitro. 
Test.  Control. 
Guinea pig serum -b India  ink dilution  I  :  5.  Guinea pig serum q- physiological 
salt  solution. 
Time of  contact.  Complement unit.  Time of  contact.  Complcment unit. 
5 min. 
30  " 
I hr. 
5 hrs. 
No hemolysis  up to 0.14 cc. 
"  "  "  "  O. 14  " 
"  "  "  "  O. 14  " 
"  "  "  " 0.14  " 
5  mill. 
30  " 
1 hr. 
5 hrs. 
6. 
0.05 
0.05 
0.06 
0.07 
Guinea pig serum dilution (final dilution of complement 1:20) :  0.1 cc. 
Red sheep cells sensitized with 2 units of hemolytic amboceptor:  0.2 ec. 
NaC1 solution:  0.2 cc. 
Incubated 20 minutes at 37°C. 
The complement unit is the smallest  amount of guinea pig serum giving com- 
plete hemolysis under the conditions of the test. 
After different intervals of time 0.5 cc. were removed from each mix- 
ture and diluted with salt solution in the proportion of 1: 10, thus yield- 
ing a  final 1:20 dilution of the complement.  It proved to be impos- 
sible to eliminate the carbon particles of the ink in the original con- 
centration either by filtration through paper or by centrifugalization, 
while  in  the  final  dilution  carbon  particles  were  almost  completely 
thrown down by centrifugalization.  Mter incubation, then, all tubes 
were  centrifugalized and  the  absence  or presence of  hemolysis  was 
determined in  the supernatant  fluid.  Microscopical examination  of 
the sediment showed the carbon particles lying apart from the erythro- C. W.  JUNGEBLUT  AND  J. A. BERLOT  801 
cytes, thus excluding the possibility that absence of hemolysis may 
have been due to changes in the cell membrane caused by the ink. 
The titrations of the complement titer gave the results contained in 
Table n. 
It appears from Table n  that complement was completely adsorbed 
to the ink in the amounts tested after 5 minutes contact and that after 
5  hours  contact this adsorption  effect was apparently still  present. 
The deterioration of the complement in the control test made it unde- 
sirable to prolong this experiment beyond the period of 5 hours. 
The question arises:  What causes the drop of complement in  the 
animal  after  the  intravenous  injection  of  ink?  Is  it  merely  a 
phenomenon of adsorption of the complement in the circulation to the 
carbon or is it due to a temporarily impaired function of the reticulo- 
endothelial  system,  assuming  that  this  is  the  site  of  complement 
formation?  The  almost  immediate  disappearance  of  the  carbon 
particles from the blood stream  s and the fact that the maximum of this 
drop is not reached until 3 hours after the injection would speak against 
a mere adsorption mechanism. 
It  seemed of interest to  submit  further experimental evidence in 
support  of  Aschoff's  contention  (10)  that  blocked  organs,  though 
macroscopically still quite black for a long time after the ink injection, 
are restored in a comparatively short time to their physiological integ- 
rity by regenerative processes of the reticulo-endothelial tissue.  The 
histological examination could not be expected to'furnish much infor- 
mation on this point because functionally the tissue might be again at 
the height of its activity before the cells showed morphological signs of 
regeneration.  It was decided to adopt the rate of reduction of these 
organs as a  criterion of their physiological activity.  The indicators 
used for measuring the respiratory metabolism of the cells were first, 
methylene blue,  and second, nitroanthraquinone which has recently 
been introduced by Biding (11)  into the field of experimental medi- 
cine.  This latter indicator, which has only a light yellowish color, is 
2 Blood examined microscopically from guinea pigs that  died  within  a  few 
minutes from an overdose of ink showed no carbon particles.  Also the observa- 
tion of the eye in the albino guinea pig during ink injection showed only a blacken- 
ing for a few seconds while the carbon passed through  the  capillaries of  the 
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transformed by the respiration of the living cells into a  red amino 
compound?  It  has  the  advantage  that  the  medium need not be 
covered with mineral oil in order to exclude the oxygen of air since this 
reaction is not reversible.  Furthermore, it allows  an  expression in 
quantitative  terms  by  comparison of  the  test-tubes with  a  set  of 
standard tubes that contain the amino compound in different amounts. 
From former work it was known that spleen and liver were the most 
important organs to be considered for this investigation.  The tech- 
nique of this experiment was as follows: 
The  same  animals  that  were  used  for  the  complement  titrations, described 
above, were killed at the time of the bleeding.  Emulsions were made from the two 
spleens and two livers of duplicate animals by grinding the two kinds of organs 
separately with sterile ground glass in a sterile mortar, and suspending 2 gm. of 
these organs, respectively, in 10 cc. of physiological salt solution.  0.5 cc. of cell 
suspension was mixed with 0.5 cc. of salt solution and 0.1 cc. of a 1 : 1500 methylene 
blue dilution was added.  This mixture was covered with 0.5 cc. of mineral oil, 
the tubes were incubated at 37°C., and readings made at different times to deter- 
mine  the degree of reduction.  The  results obtained with  the methylene  blue 
reduction test are tabulated in Table III. 
In the nitroanthraquinone reduction test 3 cc. of the same cell suspension were 
mixed with 2 cc. of the indicator dilution 1 : 50 and the tubes were likewise incu- 
bated at 37°C.  This test was interrupted after 3 hours incubation and the color 
changes were compared with a set of standard tubes of aminoanthraquinone.  In 
order to obtain a clear color it was necessary to boil the cell suspension for a few 
minutes, for the  purpose  of  precipitating the protein,  and  to  test  the filtrate. 
Former experiments had shown that short boiling did not change the color.  All 
readings were made  with  the  Walpole comparator,  the  object  being to find a 
color among the standard indicator dilutions that would match the color of the 
test-tube.  The scale of standard dilutions of aminoanthraquinone was prepared 
from a  1:400 stock solution by making decreasing amounts of this stock solution 
up  to  10 cc. with physiological salt solution.  The following scale was obtained 
in this way: 
Scale of Standard Dilutions of A minoanthraquinone. 
fo  .... 
ndicator solution 1:400... 
'hysiological  salt solution. 
I  II  III  IV  V  VI  VII  VIII  IX  X  XI  XI] 
CC.  CC.  CC.  CC.  CC.  CO.  CC.  CC.  CC..  C~,  ~..  Ca;. 
2  1.5  1  0.8  0.6  0.5  0.4  0.3  0.2  0.10.050.0: 
8  8.5  9  9.2  9.4  9.5  9.~  9.7  9.8  9.9 9.95 9.9~ 
3 Both nitroanthraquinone and aminoanthraquinone were procured from Meister, 
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Table  IV gives  information  on  the  results  obtained  with  this  test.  Chart  2 
illustrates the  combined  results  of  Tables  III  and  IV. 
It is of interest  to  note  that with both  tests,  the methylene  blue 
reduction  test  and  the  nitroanthraquinone  reduction  test, similar 
results were obtained.  Assuming that cell respiration is an index of 
the vitality of the organs, especially of the more highly differentiated 
parenchyma,  it  would  appear  that  within  the  1st  hour  after  the 
intravenous injection  of ink, a  marked depression  of the cell vitality 
occurred which remained practically at this low level for about 8 hours. 
There  followed  a  quick  physiological  recovery  of  the  cells,  how- 
TABLE  IV. 
Cell Respiration  of the Liver and  Spleen  in  Blocked  Guinea  Pigs Measured  by the 
Nitroanthraquinone Test. 
Guinea pig No. 
1 and  2 
3  "  4 
5  "  6 
7  "  8 
9  "  10 
11  "  12 
13  "  14 
15  "  16 
17  "  18 
19  "  20 
Degree of reduction  after 3 hrs. incubation expressed  in terms of 
standard dilution of aminoanthraquinone, 
Liver cells. 
IV 
V 
IV 
VII 
VII 
VII 
VIII 
VIII 
VI 
V 
Spleen ceils. 
VII1 
VII 
VIII 
X 
X 
X 
XI 
XI 
X 
VIII 
ever,  as  evidenced  by the fact  that  1  day after  the ink injection  a 
marked  acceleration  in  the  rate  of  reduction  took  place.  It  is  of 
special interest  to note that this functional restoration  to physiologi- 
cal integrity is accomplished  before signs of morphological  regenera- 
tion are microscopically visible. 
Provided that cell respiration runs parallel with other physiological 
functions of cell metabolism,  the above experiments suggest  that the 
blocking effect in guinea pigs of one intravenous injection of India ink 
is only partial.  It is, moreover, only of limited duration, as the initial 
temporary  disturbance of the cells of the reticulo-endothelial  system C. W. JUNGEBLUT  AND  J. A. BERLOT  805 
of the liver and spleen is followed by a regeneration setting in as early 
as from 1 to 2 days after the injection of the foreign substance. 
In judging the efficacy of different substances in establishing a block- 
ade, two qualities must obviously be taken into  consideration:  Such 
a  substance should be of a  proper dispersion in order to diffuse, and 
of such nature  as to remain  in  the  cells for a  longer period.  These 
experiments were carried out under optimal conditions for the reten- 
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--  Liver cells. 
.........  Spleen cells. 
CHART 2. Results of the methylene blue test based on reduction values obtained 
after 25 minutes incubation at 37°C. 
Results of the nitroanthraquinone  test based on reduction values obtained after 
3 hours incubation at 37°C. 
tion of the injected material,  since the carbon deposited in the cells 
stays there  for a  long  time,  whereas  other  materials,  such as some 
dyestuffs and  the  colloidal salts of heavy  metals,  used for blocking, 
are excreted more rapidly. 
Comparison  of the curve of complement titer with the respiration 
values obtained with the reduction  tests after the same intervals  of 
time,  shows that  they follow the same  general  course.  "The signifi- 806  RETICULO-ENDOTHELIAL  SYSTEM  IN  IMMUNITY.  II 
cance of all these observations as  they affect hypotheses concerning 
phenomena  of  adsorption  or  the  origin  of  complement  from  the 
reticulo-endothelial tissue of the spleen and liver, or from the leuco- 
cytes, is not yet clear. 
SUMMARY  AND  CONCLUSIONS. 
1.  Intravenous injections of India ink into  guinea pigs  caused a 
decided drop  in  the  complement titer which set  in  as  early as  15 
minutes after  the injection,  but  did not  reach its  maximum for 3 
hours.  This drop was followed by a return to normal within the first 
24 hours following the injection. 
2.  India ink mixed in vitro with guinea pig serum adsorbs the com- 
plement almost immediately to its full extent. 
3.  By  means  of reduction tests (methylene blue and nitroanthra- 
quinone) it was shown that the respiration of the cells of the liver and 
spleen of guinea pigs was markedly impaired for the first 8 hours, fol- 
lowing  an  intravenous injection  of ink.  Evidences of a  return  to 
normal functional vitality, however, became apparent by the end of 
the 1st day after the injection. 
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